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PBEFACE. 
I t i s t h e o b j e c t o f t h e Government T e s t i n g S t a t i o n a t 
P i t t s b u r g , P e n n s y l v a n i a t o t e s t e x p l o s i v e s under c o n d i t i -
ons a s n e a r l y i d e n t i c a l a s p o s s i b l e w i t h t h o s e e n c o u n t -
e r e d i n a c t u a l m i n i n g p r a c t i c e . When an e x p l o s i v e p a s s e s 
t h e r e q u i s i t e t e s t s i t i s p l a c e d on t h e p e r m i s s i b l e l i s t . 
Mos t p e r m i s s i b l e e x p l o s i v e s a r e p r o b a b l y s a f e enough 
t o u s e i n c o a l m ines unde r a l l o r d i n a r y c o n d i t i o n s but dbt 
seems h i g h l y p r o b a b l e t h a t t h e g a s e s g i v e n o f f f r om t h e 
d e e e o o m p o s i t i o n o f some o f t h e powders when m i x e d w i t h 
c o a l dus t and a i r , o r f i r e damp and a i r , o r b o t h may form 
an i n f l a m a b l e m i x t u r e wh i ch c o u l d be r e a d i l y I g n i t e d . 
The i n v e s t i g a t i o n I s a c o n t i n u a t i o n o f t h e w o r k o f M r . 
V i c t o r S . L e d n i o k y c a r r i e d on a t the U n i v e r s i t y l a s t 
y e a r . 
The work was done under t h e p e r s o n a l d i r e c t i o n o f P r o f 
C . M . Y o u n g , t o whom much c r e d i t i s due f o r v a l u a b l e s u g g e s -
t i o n s . 
U n i v e r s i t y o f Kansas C . E . C u b b i s o n . 
L a w r e n c e , K a n s a s . 
May 1912 . 
Gaseous Decompos i t i on P r o d u c t s 
o f 
S a f e t y Powde rs . 
3̂ C S|K 5jc ?jc 9|c 
I n t r o d u c t i o n . 
E x p l o s i v e s which, a r e t o he used i n e o a l mines 
must p o s s e s s b e s i d e s th e q u a l i t i e s o f s t r e n g t h , e f f i c i e n -
c y i n b r e a k i n g down c o a l , a n d f reedom from l a r g e q u a n t i -
t i e s o f po i s onous o r o f f e n s i v e e x p l o s i v e p r o d u c t s ; t h e 
p r o p e r t y o f no t r e a d i l y caus ing e x p l o s i o n s o f m i x t u r e s 
o f mine g a s and a i r and o f c o a l dust and a i r , o r b o t h . 
P e r m i s s i b l e e x p l o s i v e s g i v e a s h o r t and r e l a t i v e 
c o o l f l ame and i s t h e r e f o r e l e s s l i k e l y t o cause an e x -
p l o s i o n where g a s e s o r dus t a r e p r e s e n t than wou ld t h e 
use o f dynamite o r b l a c k powder which g i v e a l o n g e r and 
h o t t e r f lame .The r e l a t i v e e o o l f l ame o f p e r m i s s i b l e e x -
p l o s i v e s i s somet imes p roduced by add ing an e x c e s s o f 
c a rbon t o t h e e x p l o s i v e whereby the amount o f ca rbon 
monoxide i s i n c r e a s e d and t h e amount o f ca rbon d i o x i d e 
i s d e c r e a s e d . The l o w e r i n g o f t h e t empera ture o f t h e 
f l ame i s caused by the d i f f e r e n c e i n h e a t o f f o r m a t i o n 
o f c a rbon monoxide and o f ca rbon d i o x i d e . Substances 
c o n t a i n i n g w a t e r , s a l t s h a v i n g w a t e r o f c r y s t a l l i z a t i o n , 
7 . 
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i n e r t m a t e r i a l s , a n d . t h e e a s i l y v o l a t i l e s a l t s a r e a l l 
used t o r educe t h e f l ame t e m p e r a t u r e . 
9 . 
Genera l Method Of Conducting I n v e s t i g a t i o n . 
A we ighed amount o f the e x p l o s i v e t o "be t e s t e d was 
p l a c e d i n a gas t i g h t s t e e l c y l i n d e r w i t h a d e t on a t o r 
and match.The okarge was f i r e d e l e c t r i c a l l y "by means o f 
a b l a s t i n g machine .The gases were then drawn o f f from 
the c y l i n d e r , c o l l e c t e d and the volume measured.A sample 
o f the gas was then taken and ana l y z ed f o r carbon d i -
o x i d e , h e a v y hydrocarbons , oxygen, carbon monoxide, me thane 
and hydrogen.The r e s i d u e was c a l l e d n i t r o g e n . A q u a l i t a -
t i v e t e s t was made f o r hydrogen s u l p h i d e . 
APPARATUS AID METHODS. 
Bombf 
The s t e e l c y l i n d e r , s e e f l a t e I , c a l l e d a bomb, in 
which the charge was f i r e d was turned from machine s t e e l . 
I t measures e i g h t inches l o n g by f ou r inches i n d i ame te r * 
There i s a I / I6 i nch h o l e d r i l l e d and tapped i n one 
end t o a depth o f 2 l /4 inches .Concen t r i c w i t h t h i s i s a 
I i nch h o l e d r i l l e d t o a depth o f 5 l /4 inches.A c i r c u l a r 
b rass washer i s m o r t i s e d i n between the base o f the 
th r eads and the one inch chamber. A tapped p lug out frmm 
a two inch bar f i t s the l a r g e r h o l e . The end o f the p l u g 

I I . 
i s p o l i s h e d to f i t t i g h t l y a g a i n s t the b rass washerC A 
I / I 6 inch p in ,1/4 inch l ong i s s e t i n the end o f the 
p ing 1/2 inch from the c e n t e r . One end o f the e l e o t r i o 
match was a t t a ched t o t h i s . Through the c e n t e r o f t h e 
p lug i s a 5/16 inch d r i l l e d h o l e . A t the f a c e o f t h e 
p l u g t h i s h o l e i s e n l a r g e d t o 5/8 inch and t a p e r s back 
f o r two and 1/4 i n c h e s . A t a p e r e d p i n f i t s t h i s open ing 
and ex tends about 1/2 inch out o f t h e p lug .The t a p e r i n g 
end o f the p i n was c o v e r ed w i t h wood f i b e r about 1/8 in ' , 
t h i c k . The r e s t o f t h e t ape r ed p i n i s *3wee 3/16 i n c h e s 
i n d iameter and thus the t a p e r p i n i s i n s u l a t e d from the 
p l u g . There iB a I / I 6 inch p i n 3/8 i n ch l ong s e t i n t h e 
c e n t e r o f the l a r g e r end o f the t a p e r p i n . To t h i s p i n 
was a t t a c h e d the o t h e r end o f t h e e l e c t r i c match, I n t h e 
o t h e r end o f t he bomb i s an 11/16 inch h o l e , I 1/2 i n ches 
deep , t apped f o r I i nch beg inn ing 1/4 inch from the o u t -
s i d e . A t the bot tom o f t h i s h o l e i s a c o n i c a l shaped 
washer a g a i n s t which an I I / I 6 inch c o n i c a l shaped sc rew 
p lug f i t s . A b r a s s washer 1/4 inch t h i c k i s f i t t e d i n t o 
the upper p a r t o f the h o l e . Between the base o f the 
t h r eads and the washer a t r i g h t a n g l e s i s a 7/16 i n ch 
h o l e . A screw n i p p l e connects from the s i d e o f t h e bomb 
w i t h t h i s h o l e . A sma l l h o l e connec ts the I i n ch h o l e 
and the bottom o f t h e c o n i c a l shaped h o l e i n the o t h e r 
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end o f the bomb. 
Charge. 
A c h a r g e , f o r f i n d i n g the decompos i t i on products o f 
powder a l o n e , c o n s i s t e d o f f i v e grams o f the powder ,an 
e l e c t r i c match,and a de tona t ing cap . The charge was c on -
t a i n e d i A a paper c a r t r i d g e . The c a r t r i d g e s were p r epa r -
ed by r o l l i n g o r d i n a r y paper i n t o the form o f a c y l i n d e r 
about 3/4 inch i n d iamete r , s e a l i n g the s i d e and one end . 
The e l e o t r i o matohe is used were ob ta ined from the S t a r 
E l e c t r i c Fuse Works. They were not a f i n i s h e d product 
but a re used by the company i n the manufacture o f t h e i r 
Bed S p i t t e r f u s e s . The caps used were Ho.7 cu lminate 
De tona t ing Caps,bought o f the Independent Powder Got o f 
Car thage , He . 
The match was p l a c e d i n the cap and the t op o f the 
cap was then fv p r essed t i g h t l y arounid the w i r e s o f t 
the match. The cap and match were then p l a c ed i n the 
c a r t r i d g e and the powder p ressed down around them. The 
paper o f the c a r t r i d g e was then p ressed down ove r t h e 
cha rge . The w i r e s were the bared and one w i r e was f a s t e n 
ed around the p i n ex t end ing from the screw p lug and t h e 
o the r w i r e was f a s t e n e d around the p i n i n the I n s u l a t e d 
p i n . 
1 3 . 
The p l u g s were then screwed f i r m l y i n t o t h e bomb. 
One t e r m i n a l o f the b l a s t i n g machine was connec ted by 
means o f a w i r e t o t h e end o f the i n s u l a t e d p i n wh ich 
out of 
ex tended t e the p lug .The o the r t e r m i n a l was connec t ed i n 
a l i k e manner t o the screw n i p p l e i n the s i d e o f t h e 
bomb. 
The Gas Measuring D e v i c e . 
A 1000 com. g l a s s b o t t l e g raduated t o 10 c o m . . f i t -
t e d w i t h a two h o l e d s t o p p e r , t h r o u g h one opening o f 
wh ich was passed a g l a s s tube e x t end ing t o the bo t tom o f 
t h e b o t t l e and through t h e second opening a sho r t p i e c e 
o f g l a s s tub ing was p a s s e d . Both tubes were c l o s e d by 
means o f p i e c e s o f rubber tub ing and p inch c o o k s . The 
b o t t l e , f i l l e d w i t h w a t e r s a t u r a t e d w i t h the gaseous p r o -
ducts o f d e compos i t i on o f powder,was clamped i n an i n v e r -
t e d p o s i t i o n t o a s t anda rd . A f t e r a charge had been 
f i r e d the l o n g e r tube was f a s t e n e d t o the n i p p l e on t h e 
bomb by means o f a p i e c e o f rubber tub ing , and the p i n c h 
cocks were opened. The c o n i c a l p o i n t e d screw i n t h e 
bomb was then c a r e f u l l y l o o s e n e d . The g a s e s on p a s s i n g 
i n t o the b o t t l e d i s p l a c e d the w a t e r . The r a t e o f f l o w o f 
t h e gas cou ld be e a s i l j r r e g u l a t e d b y means o f t h e s c r e w . 
1 4 . 
T?hen about 1000 com. had. been drawn o f f the f l ow o f gas 
was s topped and the b o t t l e r e p l a c e d by a s i m i l a r one . 
The volume cou ld be read d i r e c t l y from the g radua t i ons 
on the b o t t l e . 
Methods o f A n a l y s i s . 
I n the a n a l y s i s a s imple gas b u r e t t e ( s e e f i g . I ) 
was used t o measure the volume o f the g a s e s . Th i s c o n -
s i s t s o f two g l a s s tubes which a r e s e t i n w e i g h t e d wood-
en f e e t . I n s i d e t h e f e e t the tubes a r e c o n t r a c t e d and 
bent a t r i g h t a n g l e s . The tubes a r e connected by moans 
o f a rubber tube about 100 om.long.One tube c a l l e d the 
measuring tube ends a t the t op i n a c a p i l l a r y t u b e . A 
shor t p i e c e o f rubber tub ing i s w i r e d on t h i s Aeaaclosed 
tube 
by a p inch cook.The measur ing^ i s g raduated i n t o 100 com. 
w i t h 0 .2 ccm. d i v i s i o n s ; t h e l o w e s t d i v i s i o n b e i n g s l i g h -
t l y above the wooden base .The o t h e r tube c a l l e d t h e 
l e v e l tube i s a p l a i n g l a s s tube open a t the t o p . The 
measuring tube was f i l l e d w i t h wa t e r s a t u r a t e d with, g a s 
eous p roduc ts o f powder e x p l o s i o n by pour ing t h e w a t e r 
i n t o the l e v e l tube , open ing the p inch cock ,and r a i s i n g 
the l e v e l tube u n t i l the w a t e r d i s p l a c e d t h e a i r i n t h e 
measuring tube then the p inch cock was c l o s e d . 
IE. 
Dhe wa t e r was poured out o f the l e v e l tuhe u n t i l i t 
3tood j u s t above the wooden base . The measuring tube was 
then connected by means o f a shor t p i e c e o f c a p i l l a r y 
tube w i t h the l o n g e r tube i n the b o t t l e which con ta ined 
the gas t o be a n a l y z e d . P inch cooks were opened and w a t e r 
iras f o r c e d i n t o t h e b o t t l e .The wa t e r f o r c e d the gas intoO 
the b u r e t t e . A l i t t l e o v e r 100 ocm.were run i n t o the 
bu r e t t e each t ime and the p inch cooks were then c l o s e d . 
To o b t a i n a sample o f e x a c t l y 100 oom.the l e v e l 
tube was r a i s e d , a f t e r a l l o w i n g the water t o run down, 
u n t i l the meniscus s tood a t the 100 ccm. The rubber tube 
N&a then compressed a g a i n s t the base o f the base o f t he 
b u r e t t e and the p inch cock was opened f o r a moment; t h e 
excess o f gas escaped and e x a c t l y 100 ccm .remained i n the 
b u r e t t e . 
De t e rm ina t i on o f Carbon D i o x i d e . 
The carbon d i o x i d e was determined by pass ing the 
gas i n t o a s imple a b s o r p t i o n gas p i p e t t e . c o n t a t n i n g a 
potass ium hydrox ide s o l u t i o n and measuring a dec rease i n 
vo lume. I h e potassium hydrox ide s o l u t i o n would absorb b e -
s i d e s the carbon d i o x i d e any hydrogen s u l p h i t e which was 
p r e s e n t i n the g a s ; b u t as a l l gases were t e s t e d f o r h y d r o -
16. 
gen su lph ide whieh w i t h l ead a e e t a t e paper and none were 
found which conta ined any hydrogen su lph ide ;eonsequent ly 
the c o n t r a c t i o n i n the volume o f the gas sample taken 
gave d i r e c t l y the amount o f carbon d i o x i d e . 
The potassium hydroxide s o l u t i o n was prepared by 
d i s s o l v i n g one p a r t o f commercial caus t i c potash i n two 
p a r t s o f w a t e r . 
The s imple abso rp t i on p i p e t t e ( s e e f i gu r e I ) con-
s i s t s o f two l a r g e bulbs j o ined by a tube and a c a p i l l a r y 
tube bent as shown i n the f i g u r e . 
The b u r e t t e was connected t o the p i p e t t e by means 
o f a shor t p i e c e o f c a p i l l a r y tubing bent a t r i g h t ang-
l e s a t bo th ends and connected by means o f short p i e c e s 
o f rubber tub ing . 
De te rminat i on o f Heavy Hydrocarbons. 
The hydrocarbons h i ghe r than methane, sometime c a l l 
ed i l l nm inan t s ,we r e determined by pass ing the gas r es idue 
a f t e r the abso rp t i on o f the carbon d i ox i d e i n t o a p i p e t t e 
c on t a in ing fuming su lphur ic a c i d ; then i n t o a p i p e t t e con-
t a i n i n g potassium hydrox ide s o l u t i o n which removed the 
su lphur ic a c i d vapors which were c a r r i e d over w i t h the 
gas and then measuring the decrease i n volume. 
17. 
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De te rmina t i on o f Oxygen. 
The amount o f oxygen present was determined a f t e r 
the hydrocarbon de t e rm ina t i on by the c o n t r a c t i o n no t ed 
when the gas was passed i n t o an a l k a l i n e p y r o g a l l a t e 
s o l u t i o n con ta ined i n a double abso rp t i on p i p e t t e . 
The a l k a l i n e p y r o g a l l a t e s o l u t i o n was prepared by 
m ix ing t o g e t h e r i n the p i p e t t e f i v e grams o f p y r o g a l l o l 
d i s o l v e d i n 15 com. o f wa t e r and 120 grams o f potassium 
h y d r o x i d e d i s s o l v e d i n 80 com. o f w a t e r . 
The double a b s o r p t i o n p i p e t t e ( s e e f i g u r e I . ) c on -
s i s t s o f a l a r g e g l a s s bulb ' A ' o f about 150 ecm.capao-
i t y and t h r e e s m a l l e r bulbs ' B j C ^ o f about 100 com. 
c a p a c i t y . The bu lbs a r e connected by ths bent tube and 
end i n the bent c a p i l l a r y tubs ' a ' as shown i n the f i g -
u r e . The b u l b ' A ' w a s f i l l e d w i t h the p y r o g a l l a t e s o l u t i o n 
a n d ' C ' w i t h wa t e r ,wh i ch p r even t s the s o l u t i o n from absorb 
i n g the oxygen from the a i r . 
De t e rm ina t i on o f Oarbon Monoxide . 
A f t e r the oxygen de t e rm ina t i on the amount o f 
oarbon monoxide p r e s e n t was determined by the amount o f 
g a s absorbed by an ammonioal cuprous c h l o r i d e s o l u t i o n . 
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The s o l u t i o n was con ta ined i n double abso rp t i on 
p i p e t t e s . Two p i p e t t e s were used . The gas was f i r s t 
passed i n t o a p i p e t t e c on ta in ing a s o l u t i o n which had 
been used f r e q u e n t l y and was then passed i n t o a p i p e t t e 
c o n t a i n i n g a c ompara t i v e l y f r e s h s o l u t i o n . 
Ammonioal cuprous c h l o r i d e s o l u t i o n was p repared 
by the method g i v e n by Lunge and Keane in" Techn i ca l 
it 
Methods o f Chemical A n a l y s i s . A s t o c k s o l u t i o n was p r e -
pared by d i s s o l v i n g 200 grams o f cuprous c h l o r i d e i n a 
s o l u t i o n o f 250 grams o f ammonium c h l o r i d e i n 750 ccm. 
o f wa t e r .The s o l u t i o n was kept i n a w e l l s toppered 
b o t t l e and was p repared f o r use as r e q u i r e d by adding t o 
i t one t h i r d o f i t s volume o f ammonium hydrox ide o f 
0.905 S p e c i f i c G r a v i t y . 
De t e rm ina t i on o f Hydrogen and Methane. 
The amount o f hydrogen and methane p resen t were de-
t e rmined by * -h e combustion w i t h the a d d i t i o n o f a i r i n 
a s imple e x p l o s i o n e£ p i p e t t e . 
The e x p l o s i o n p i p e t t e ( s e e f i g u r e 2 ) c o n s i s t s o f a 
t h i c k w a l l e d e x p l o s i o n b u l b ' A ' and a l e v e l bulb *B f 
which a r e j o i n e d t o g e t h e r by a p i e c e o f heavy rubber 
t u b i n g . A t ' a 1 two smal l p lat inum w i r e s a r e fused i n t o 
the bu lb ' A ; the ends o f w i r e s be ing about 2 mm.apart. 
20. 
There i s a g l a s s s top cook a t t f c e ' V and the e x p l o s i o n 
"bulb ends i n the c a p i l l a r y tub * 'o " .Mercury was used as 
the c o n f i n i n g l i q u i d so tha t the carbon d i o x i d e formed 
by the e x p l o s i o n might be measured. I f the e x p l o s i o n was 
made ove r wa t e r a c o n s i d e r a b l e amount o f the oarbon d i o x 
i d e would be absorbed owing t o the h i g h pressure caused 
by t h e e x p l o s i o n * 
A measured p o r t i o n o f the r e s i due gas from the p r e ^ 
v i o u s de t e rm ina t i ons was mixed w i th a measured volume o f 
a i r and run i n t o the e x p l o s i o n p i p e t t e and the mixture 
was exp loded by connec t ing the t e rm ina l s o f an induc t i on 
c o i l t o the two p la t inum w i r e s i n the e x p l o s i o n bulb .The 
gases were a l l o w e d t o c o o l then were run "back i n t o the 
b u r e t t e and the c o n t r a c t i o n noted.The gases were then run 
i n t o a p i p e t t e c on t a in ing potassium hydrox ide s o l u t i o n 
and the amount o f oarbon d i o x i d e formed was thus measured 
The g a i s e s were then passed i n t o a p i p e t t e con ta in ing 
p y r o g a l l a t e s o l u t i o n and the c o n t r a c t i o n no t ed . Th i s was 
done t o make sure t h a t t h e r e was an excess o f oxygen p r e -
s e n t , u s u a l l y a l l the oxygen was not absorbed but the g a s -
es were a l l o w e d t o remain i n con tac t w i t h the s o l u t i o n 
l ong enough t o make sure t h e r e was an excess o f oxygen. 
The c o n t r a c t i o n i s due t o the f a c t tha t upon e x -
p l o s i o n the hydrogen o f the gas combines w i t h the oxygen 
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o f t he a i r and forms wa t e r , w h i l e the carbon o f t h e meth-
ane combines w i t h th e oxygen end foms carbon d i o x i d e . 
From t h e e q u a t i o n : 
CH H * 2 0 a = 00^+21^ 0 
i t w i l l be s een t h a t the volume o f carbon d i o x i d e formed 
amount 
i s equa l t o t h e A o f methane p r e s e n t . 
U h e r e f o r e t h e c o n t r a c t i o n o f t he gas m i x t u r e upei n 
p a s s i n g i t i n t o t h e potass ium hydrox ide s o l u t i o n w i l l be 
e q u a l t o the methane p r e s e n t i n t h e p o r t i o n o f g a s taken 
f o r the e x p l o s i o n . 
The c o n t r a c t i o n due t o the carbon d i o x i d e i s eqte-
a l t o t w i c e t h e volume o f methane p r e s en t , b e cause the me-
thane i n burn ing combines w i t h t w i c e i t s volume o f oxygen 
a s i s s e en from t h e above equat i on ,and t h i s i s caused by 
t h e oxygen consumed, o r t o t w i c e the volume o f methane 
p r e s e n t . The amount o f hydrogen p r e s e n t i s equa l t o t w o -
t h i r d s o f t h e t o t a l c o n t r a c t i o n l e s s t h a t due t o t h e m e t -
hane as can be seeh from the e q u a t i o n : 
2H % +0^ 2 2 E l 0 . 
D e t e r m i n a t i o n o f U i t r o g e n . 
The undetermined c o n s t i t u e n t s , o a l l e d n i t r o g e n , w e r e 
found by s u b t r a c t i n g t h e sum o f the volumes o f hydrogen 
2 3 . 
and methane found from the vo lume o f gas r e s i d u e t aken 
f o r t h e e x p l o s i o n . 
The g a s e s w e r e a l l o w e d t o remain i n c o n t a c t w i t h 
the po tass ium hydr o x i d e , p y r o g a l l a t e , and cuprous c h l o r i d e 
s o l u t i o n s u n t i l no f u r t h e r c o n t r a c t i o n was n o t e d on 
p a s s i n g t h e g a s hack i n t o t h e b u r e t t e . 
B e f o r e measur ing any vo lume o f g a s the b u r e t t e was 
a l l o w e d t o s t and t h r e e minutes b e f o r e t a k i n g a r e a d i n g 
t o a l l o w t h e Wate r t o run down t h e s i d e s o f t h e b u r e t t e . 
A l l g a s vo lumes we r e r e a d t o t h e n e a r e s t t e n t h com". 
To c o r r e c t f o r t h e changes i n volume o f t h e gas 
b e i n g a n a l y z e d caused by the changes i n t empera ture and 
p r e s s u r e a second b u r e t t e was p r o v i d e d .A measured vo lume 
o f a i r was c o n t a i n e d I n t h i s b u r e t t e and any change no t ed 
i n t h i s vo lume dur ing the course o f a n a l y s i s o f a gas « e 
a p p l i e d d i r e c t l y t o t h e gas b e i n g a n a l y z e d . 
Method o f C a l c u l a t i n g R e s u l t s . 
The msthod o f c a l c u l a t i n g r e s u l t s can p r o b a b l y be 
b a s t shown by means o f a t y p i c a l example . 
l e t us assume t h a t t h e r e we r e 2500 com. o f g a s g i v e n 
o f f from t h e e x p l o s i o n o f a c e r t a i n powder wh i eh upon a n -
a l y s i s g a v e t h e f o l l o w i n g r e s u l t : -
24. 
Bure t t e 
r ead ing 
com. 
Per c en t . 
Amount o f gas mix ture 
taken f o r a n a l y s i s * IOO.O 
Res idue a f t e r abso rp t i on 
o f oarbon d i o x i d e 78.fi 100.0 - 78.2 =21 .8 
Res idue a f t e r abso rp t i on 
o f heavy hydrocarbons 76.8 78.2 -76.8 = 1.4 
Residue a f t e r abso rp t i on 
70.9 76.8 - 70.9 = 5.9 
o f carbon monoxide — 50.4 70.9 - 50.4 = 20.5 
Hydrogen and methane by 
e x p l o s i o n . 
T o t a l r e s i due — 50.4 
P o r t i o n taken 15 • 8 
Volume o f a i r added 70 e 6 
T o t a l volume 86.4 
Volume a f t e r e x p l o s i o n — 74.3 
Cont rac t i on — I 2 . I 
Res idue a f t e r absorp t i on 
carbon d i o x i d e 71.1 74.3 - 71.1 = 3.2 
Res idue a f t e r absorp t i on 
Of OXFgSB — — 69.9 7 I . I - 69.3 = 1.2 
25. 
The 15.8 ccm, o f gas res idue taken formed 3.2 ccm. 
o f carbon d i o x i d e upon e x p l o s i o n ; t b i s i s equal t o the amt. 
o f methane p r e sen t . The t o t a l amt .o f methane uart. i s found 
as f o l l o w s : 
15.8 : 50.4 : : 3 .2 : X . 
X s 10.2 com.or per cent Methane. 
The hydrogen i n the 15.8 com. is found by the equa-
t i o n : 
2/3 ( 12 .1 - ( 2 x 3 .2 ) ) = 3.8 com.of hydrogen, 
and the t o t a l amount o f hydrogen i d : -
15.8 : 50,4 : : 3.8 : X 
X - 1 2 . I ccm.or per cent hydrogen. 
The n i t r o g e n i n the 15.8 ccm. is : -
15.8 - ( 3.2 - 3.8 ) ? 7.7 ccm. 
and the t o t a l amount o f n i t r o g e n i s : -
15.8 : 50.4 : : 7.7 : X . 
X - 28.0 com. or per cent n i t r o g e n . 
But s ince p a r t o f these gases came from the cap and 
mateh these r e s u l t s w i l l have t o be c o r r e c t e d t o g e t t h e 
pe rcen tage o f each cons t i tuen t o f the gas which came from 
the decompos i t ion o f the powde r . I t was found when the mat-
ch and cap were exploded a lone they gave 330 ccm.of gas o f 
t h e f o l l o w i n g compos i t i on : 
13.7 percent Carbon D i o x i d e . 
26. 
0 .0 pe r cent Heavjr Hydrocarbons. 
4 .9 p e r cent Oxygen. 
22.o pe r cent Oarbon monoxide. 
0 . 0 . p e r cent Methane. 
0 .0 p e r cent Hydrogen. 
59 .4 pe r cent U i t r o g e n . 
To o b t a i n the percentage o f each cons t i tuen t whieh 
came from the powder a lone we w i l l m u l t i p l y the t o t a l v o l -
ume o f gas ob ta ined by the per cent o f t h i s c ons t i tuen t i n 
t h e gas ana l ysed and subt rac t from t h i s the volume o f gas 
g i v e n o f f by the cap and match m u l t i p l i e d by the pe r cent 
o f t h e same c o n s t i t u e n t i n the gas from the cap and match 
and d i v i d e the r e s u l t by the volume o f gas which comes 
from the powder a l o n e . 
(2500 x 21 .8 ) - ( 550 x I f f ,7 ) « 23.0 per cent C 0 2 
2500 - 330 
(2500 x 1.4) - (330 x 0 .0 ) 
2l>00 - 330 
(2500 x 5 .9 ) - (330 x 4 . 9 ) 
5.1 per cent O2. 
2500 - 330. 
(2500 x 20 .5 ) - (5S0 x 22 .0 ) 
2500 - 330. 
£ 20.7 per cent 00 . 
27. 
( 2600 x I t f . 2 ) - (330 x 0 . 0 ) - „ 
£ i r . 3 p e r cent CH4 
2500 - 330 
(2500 x I 2 . I ) - (330 x 0 . 0 ) 
— s 13,9 p e r cent H 
2400 -333 
(2500 x 2 0 . 0 ) - (330 x59^4 ) 
m 23 .2 pe r cent I g 
2500 - 3 3 0 
Gr£lS © S 
As 
Ana lyzed 
Pe r cent 
Cor r ec t ed 
Pareant 
C 0 2 — 21.8 23.0 
Heavy h y d r o -
carbons 1.4 
° 2 5.9 5.1 
C H 4 - 10.2 I I . 3 
H 2 12.1 15.9 
W g 28r.O 23.2 
CO 20.5 20 .7 
T o t a l 
Combust ib l e -




f h e heavy hydrocarbons , carbon monoxide , hydrogen , 
and methane a r e taken as th e eembnst ib l e const i tuents ! . 3 
28 . 
Cap and Match. 
R e s i d u e , d r y , f i n e , and powdery, conta in ing mercury. 
T o t a l volume o f g a s , 330 com. 
Character o f g a s , burned wi th o l e a r blue f lame; d id 




Per cen t . 
Amount o f gas mixture 
taken f o r a n a l y s i s — - — 100.0 
Res idue a f t e r abso rp t i on 
o f carbon d i o x i d e — 86.3 100.0 - 86.3 13.7 
Res idue a f t e r absorp t i on 
o f heavy hydrocarbons — — 86.3 86.3 - 86.3 0.0 
Res idue a f t e r absorp t i on 
o f oxygon — — 81.4 86.3 - 81.4 4 .9 
Res idue a f t e r absorp t i on 
o f carbon monoxide — 59.4 81.4 - 5 9 . 4 22.0 
Hydrogen and methane by 
e x p l o s i o n . 
T o t a l r e s idue 59.4 
P o r t i o n taken — 29.0 
Volume o f a i r added 176.8 
Total volume 205.8 Iff f\ a y n l A f t *i OYI 
29 . 
The g a s from the cap and match t h e r e f o r e has the 
f o l l o w i n g c o m p o s i t i o n : -
COg 13.7 p e r c e n t . 
Heavy hydrocarbons 0 .0 p e r c e n t . 
0 2 4 .9 B " 
CO 22.0 " • 
CH 4 0 .0 " " 
H 2 0 .0 " » 
5 2 — 59.4 n n 
T o t a l 100.0 " " 
Combust ib l e 22 .0 w w " 
The cap and match were used w i t h a l l the powders 
t h e r e f o r e the r e s u l t s o b t a i n e d from the a n a l y s i s w i l l have 
t o be c o r r e c t e d t o o b t a i n t h e t r u e pe r c en tage o f eaeh con -
s t i t u e n t wh ich came from t h e powders . 
30 . 
Bure t t e 
r ead ing 
ccm. 
Pe r c e n t . 
Amount o f gas mix ture 
taken f o r a n a l y s i s 100.0 
Res idue a f t e r a b s o r p t i o n 
o f carbon d i o x i d e — — 92.8 » k 0 0 . 0 - 9 2 . 8 - f . 2 
Res idue a f t e r a b s o r p t i o n 
o f heavy hydrocarbons 92.8 92.8 - 9 2 . 8 - .0. 
Res idue a f t e r a b s o r p t i o n 
o f oxygen —• — 84.8 9 2 . 8 - 8 4 . 8 . 8 . 0 
Sinnamahoning C o l l i e r Ho .4 . 
Exp los ive ,S innamahoning C o l l i e r H0 .4 . 
Manufactured "by the Keystone l a t i o n a l Powder Co. 
Emporium, Perm, 
C o l o r o f e x p l o s i v e : d i r t y y e l l o w i s h . 
Cons i s t ency : d r y , I o n - c o h e s i v e . 
Charge : 5 grams. 
R e s i d u e : h a r d , d r y , c o k e - l i k e hav ing a s t rong odor o f ammo-
n i a . 
T o t a l volume o f g a s : 2480 ccm. 
Charac t e r o f g a s : burned w i t h c l e a r b lue f l a m e , d i d not 
b lacken l e a d a c e t a t e paper . 
(Sample o f powder o v e r one year o l d . ) 
3 1 . 
Bure t t e 
r ead ing 
ccm. 
Per c e n t . 
Res idue a f t e r abso rp t i on 
o f carbon monoxide 62.0 84.8 - 62.0 = 22.8 
Hydrogen and methane "by 
e x p l o s i o n . 
T o t a l r e s i d u e 62.0 
P o r t i o n taken 18.0 
Volume o f a i r added 86.5 
T o t a l volume 104.5 
Volume a f t e r e x p l o s i o n — 85.0 
C o n t r a c t i o n 19.5 
Res idue a f t e r a b s o r p t i o n 
o f carbon d i o x i d e 79.6 85.0 - 79.6 « 5.4 
Oxygen p r e s en t Excess . 




per c e n t . 
Cor rec ted 
per c e n t . 
G 0 2 7.2 5.5 
Heavy hydrocarbons 0.0 0.0 
0 2 — 8.0 8.5 
00 — 22.8 22.9 
Gases 
As 
ana l y z ed 
pe r c e n t . 
C o r r e c t e d , 
per c e n t . 
CH4 18.6 21 .4 
H 2 19.9 22.9 
u 2 23 .4 18.8 
T o t a l 






Tunne l i t e ITo.5. 
E x p l o s i v e , Tunne l i t e I o . 5 . 
C l a s s , n i t r o g l y c e r i n e . 
Manufactured by the G.R.Mo Abee Powder and O i l Co. 
P i t t sburg ,Pa , 
Co l o r o f e x p l o s i v e : Ye l l ow i sh , con ta in ing a green s a l t . 
Cons i s t ency : Damp,s l i gh t l y c ohes i v e . 
Charge : 5 grams. 
Res idue : B l a c k , f r i a b l e , s m e l l i n g o f ammonia. 
T o t a l volume o f g a s : 3100 ccm. 
Character o f g a s : Burned w i th blue f lame,d id not blaeken 




Per c en t . 
Amount o f gas mix ture 
taken f o r a n a l y s i s 100.0 i 
Residue a f t e r abso rp t i on 
1 
o f carbon d i o x i d e 77.4 100.0 - 77.4 = 22.6 
Res idue a f t e r abso rp t i on 
o f heavy hydrocarbons — 77.4 77.4 - 77.4 = 0 .0 . 
Residue a f t e r abso rp t i on o f 
oxygen — 76.9 77.4 - 76,9 = 0 .5 . 
34 
fcurette 
r ead ing 
ccm. 
Per c e n t . 
1 
Res idue a f t e r a b s o r p t i o n 
o f oarbon monoxide 56.4 7 6 . * - 56.4 - 20 ,5 , 
Hydrogen and methane by 
e x p l o s i o n — 
T o t a l r e s i d u e 6 6 U 
P o r t i o n t a k e n £3.8 
Volume o f a i r added 7 * 6 
T o t a l vo lume — 99 .4 
Volume a f t e r e x p l o s i o n — 76.2 
C o n t r a c t i o n 23 .2 
Res i due a f t e r a b s o r p t i o n 
o f c a r b o n d i o x i d e 68.8 76.2 - 68.8 - 7.4 
Oxygen present Excess . 
T u n n e l i t e S o . 5 . 
Oases 
As 
a n a l y z e d 
per oent 
Co r r ec t ed 
per c e n t . 
c o P 22.6 23.7 
Heavy hydro carbons 0 .0 0.0 
o 2 ~ 0 .5 0.0 
CO 20 .5 20.3 
- 17.5 19.7 mm 1 • %J 
H 2 13.2 14.7 
I g 25.6 21.2 
T o t a l 










Per oent . 
Amount o f gas mixture 
taken f o r a n a l y s i s 100'. 0 
Residue a f t e r abso rp t i on 
o f oa rbond iox ide 82.2 xoo.o - 82.2 = 1 7 . 8 
Hesidue a f t e r absorp t i on 
o f heavyhydrooarbons 82.2 82.2 - 82.2 = 0.0 
E x p l o s i v e , Tunne l i t e Ho. 6 . 
C l ass , n i t r o g l y c e r i n e . 
Manufactured by the ft'. R. MoAbee Powder and O i l Co . , 
P i t t s b u r g , Penri, 
C o l o r : S i m i l a r t o f u n n e l i t e Ho. 8 .butoontainiag more o f the 
g r e e n s a l t . 
Cons i s t ency : About the same as Tunnel i te Ho. 8. 
Charge: 5 grams. 
Res idue : B lack , hard , d r y . 
T o t a l volume o f g a s : 3340 oom. 
Character o f g g a s : Burned w i th c l e a r blue f lame, did not 
blacken l e a d ace ta t e paper. 
Res idue a f t e r a b s o r p t i o n 
o f oxygen 
Res idue a f t e r a b s o r p t i o n 
o f oa rbon monox ide 
Hydrogen and methane by 
e x p l o s i o n -
T o t a l r e s i d u e 
P o r t i o n t a k e n 
Volume o f a i r added 
T o t a l vo lume -
Volume a f t e r e x p l o s i o n — 
C o n t r a c t i o n — — 
Res idue a f t e r a b s o r p t i o n 
o f c a rbon d i o x i d e 
Oxygen p r e s e n t 
Bur e t t e 











P e r cent 
82 .2 - 77.8 = 4 . 4 
77.8 - 59^.2 ^ 16.61 
65.9 - 60.5 = 5.4 
Excess . 




pe r c en t . 
Cor rec ted 
pe r c e n t . 
c o 2 17.8 18.2 
Heavy hydrocarbons 0.0 0,0 
02 4.4 4.3 
CO 16.6 16.0 
CH 4 13.4 14*. 9 
H 2 - ~ 6.2 6.9 
H 2 4F.7 39.7 
T o t a l 
Combust ib le 
100.1 








Per c en t . 
Amount o f gas mixture 
taken f o r a n a l y s i s 100.0 
Residue a f t e r abso rp t i on 
of carbon d i o x i d e 81.8 100.0 - 81.8 - 18 .2 . 
Residue a f t e r abso rp t i on 
of heavy hydrocarbons 81.8 81.8 - 81.8 - 0 .0 . 
Residue a f t e r abso rp t i on 
of oxygen f t . 2 81.8 - 79 2 s 2 .6 . 
E x p l o s i v e , Tunne l i t e I o . 7 . 
C l a s s , N i t r o g l y c e r i n . 
Manufactured by the G.R.llcAbee Powdor and O i l Co. 
P i t t s b u r g , P a . 
C o l o r , S i m i l a r t o Sunne l i t e Eo.6,but tbe green s a l t i s not 
so n o t i o e a b l e . 
Charge, 5 grams. 
Res idue , B l a c k , f r i a b l e w i th Oder o f ammonia. 
T o t a l volume o f gas 2750 ocm. 
Character o f g a s , Burned w i th c l e a r b lue flame .Did not 
b lacken l ead ace ta t e paper . 
40 . 
B u r e t t e 
r e a d i n g 
ccm. 
Pe r c e n t . 
Residue a f t e r a b s o r p t i o n 
o f c a r b o n monox ide 64 .7 79.2 664.7 = 1 4 . 5 . 
Hyd rogen and methane by 
e x p l o s i o n — — 
T o t a l r e s i d u e 64 .7 
P o r t i o n t a k e n — 27 .8 
Volume o f a i r a d d e d - 80.8 
T o t a l v o lume 108.6 
Volume a f t e r e x p l o s i o n 82.6 
C o n t r a c t i o n 26 .0 
Residue a f t e r a b s o r p t i o n 
o f c a r b o n d i o x i d e 72.7 82.6 72.7 = 9 . 9 . 
Oxygen p r e s e n t — — E x c e s s . 
T u n n e l i t e Ho . 7 . 
As 
a n a l y z e d 
p e r c e n t . 
C o r r e c t e d , 
p e r c e n t . 
C 0 2 18 .2 1 8 . 9 . 
Heavy hyd roca rbons ... 0 .0 0 . 0 . 
0 2 2 • 6 2 . 2 . 
CO - 14.6 1 3 . 6 . 
CH4 23 .0 2 6 . 1 . 
H 2 9 .5 1 0 . 8 . 
% 3 2 . 1 2 8 . 3 . 
100.0 
4 7 . 1 
9 9 . 9 . 
5 0 . 5 . 
X U U d l m»m*mmmm •mmmim^ 
Combus t i b l e 
42, 
Tunne l i t e I0.8. 
Bure t te 
read ing 
com. 
Per cent. » 
Amount o f gas mix ture 
taken f o r a n a l y s i s 100.0 
Res idue a f t e r a b s o r p t i o n o f 
carbon d i o x i d e 73.6 100,0 73.6 = 26 .4 . 
Res idue a f t e r a b s o r p t i o n o f 
heavy hydrocarbons 73.6 73.6 73.6 - 0 . 0 . 
Bes idue a f t e r a b s o r p t i o n o f 
oxygen 71.3 73.6 71.3 = 2 . 3 . 
E x p l o s i v e , T u n n e l i t e lTo.8. 
C l a s s , N i t r o g l y c e r i n . 
Manufactured by the G.R.MoAbee Powder and O i l Co. 
P i t t s b u r g , P a , 
C o l o r , Y e l l o w i s h w i t h g r een p a r t i c l e s . 
Cons i s t ency , Damp and s l i g h t l y cohes i v e . 
Charge , 5 grams. 
Reft idue, H a r d , d r y , b l a c k i s h w i t h odor o f ammonia. 
T o t a l volume o f g a s , 3130 ccm. 
Charac t e r o f g a s , Burned w i t h c l e a r b lue f lame;d id not b l 
b laoken l e ad a c e t a t e paper . 
4 3 . 
B u r e t t e 
r e a d i n g 
ccm. 
Per c e n t . 
Res idue a f t e r a b s o r p t i o n 
o f c a rbon monoxide 49 .4 71.3 49 .4 = 21.9 
Hydrogen and metnane by 
e x p l o s i o n . 
T o t a l r e s i d u e 49 .4 
P o r t i o n t a k e n 19.6 
Volume o f a i r added 70.8 
T o t a l vo lume 90 .4 
Volume a f t e r e x p l o s i o n — 74.4 
C o n t r a c t i o n 16.0 
R e s i d u e a f t e r a b s o r p t i o n 
o f c a r b o n d i o x i d e 68.8 74.4 6 8 . 8 = 5 .6 . 
Oxygen p r e s e n t E x c e s s . 
Tunnelite I 0 . 8 . 
Oases As analyzed Corrected! 
per oent. per cent. 
C O s 2 6 . 4 i 2 7 . 9 
Heavy hydrocarbons 0 . 0 0 . 0 
o 8 2 . 3 1 . 9 
0 0 2 1 . 9 2 1 . 9 
0 H 4 14.8 16 • 5 
H £ - 8 . 4 9 . 4 
H 2 2 6 . 0 2 2 . 1 
Total — — 9 9 . 7 
Combustible 45SI 4 7 . 8 
45 . 
Eureka l o . 2 L. F t 
E x p l o s i v e , Eureka Ho. 2 If. F . 
C l a s s , n i t r o g l y c e r i n e . 
Manufac tured by t h e G. K. McAhee Powder and O i l Co. 
P i t t s b u r g , Penn. 
C o l o r , g r e e n i s h y e l l o w . 
C o n s i s t e n c y , damp, f a i r l y c o h e s i v e ; c o a r s e l y ground. 
Charge , Sgrams. 
R e s i d u e , w h i t i s h , f r i a b l e ; sme l l i ng o f ammonia. 
TOto l vo lume o f g a s , 2900 ccm. 
Charac t e r o f g a s , burned w i t h c l e a r b lue f lame; d id not 
b l acken l e a d a ce t a t e paper . 
• Bure t t e 
r ead ing 
oomr. 
( SSSSSSBS 
Per cen t . 
Amount o f gas m ix ture 
taken f o r a n a l y s i s — - — - 100,0 
Res idue a f t e r a b s o r p t i o n 
o f oarbon d i o x i d e 74.8 100.0 - 75.8 = 24.2 
Res idue a f t e r a b s o r p t i o n 
o f h e a v y hydrocarbons 75.8 75.8 - 7 5 . 8 = 0.0 
Res idue a f t e r a b s o r p t i o n 
o f oxygen • 75.4 75*.8 - 7 5 . 4 = 0.4 
4&; 
Bur e t t e 
r ead ing 
oom> 
Per c e n t . 
Res idue a f t e r a b s o r p t i o n 
• 
o f c a r b o n monoxide t 49 .2 75.4 - 49 .2 = 2tf.2 
Hydrogen and methane by 
e x p l o s i o n 
T o t a l r e s i d u e 49U 
P o r t i o n t a k e n 23.5 
Volume o f a i r added 66.5 
T o t a l vo lume 90.0 
Volume a f t e r e x p l o s i o n 67e8 
C o n t r a c t i o n 22 .2 
Res idue a f t e r a b s o r p t i o n 
o f o a r b e n d i o x i d e 65 .2 67.8 - 6 5 . 2 = 2.6 
Oxygen p r e s e n t — Excess . 
Eureka Ho, 2 L. 7, 
Gases 
As 
a n a l y z e d 
p e r cent 
Co r r e c t ed 
p e r c e n t . 
o o 2 2 4 . 2 2 5 . 5 
Heavy h y d r o c a r b o n s (fio 0 . 0 
0 2 0 . 4 0 . 0 
0 0 2 6 . 2 2 6 . 7 
C H 4 - 5 . 5 6 . 1 
H 2 2 0 . 0 2 6 . 6 
H 2 £ 3 . 6 1 4 . 9 
T o t a l — 
C o m b u f t i b l e — 
9 9 . 9 
6 1 . 7 
9 9 e 8 
5 9 . 4 
48 
Tunne l i t e I o r . 8 1. F. 
Exp los i ve ' , Tunne l i t e Ho'. 8 
C l a s s , n i t r o g l y c e r i n . 
Manufactured, "by the G. E. McAbee Powder and O i l CO", 
P i t t sbu r g , Penri. 
C o l o r , y e l l o w i s h g r e en . 
Cons i s t ency , d r y ; no t v e r y cohes i ve ; coarse ly ground. 
Charge, 5 grams. 
Rwesidue, g r e y i s h , f r i a b l e ; smel l ing o f ammonia. 
T o t a l volume o f gap , 3550 ccm, 
Charaoter o f g a s , burned w i th blue f lame; d id not blacken 




Per cen t . 
Amount o f gas mixture 
taken f o r a n a l y s i s — 
Residue a f t e r absorp t i on o f 
oarbon d i o x i d e 
Res idue a f t e r abso rp t i on o f 




100.0 - 16%2 = 24.8 





Residue a f t e r a b s o r p t i o n 
o f oxygen 75V0 76.0 - 75fc'0 = 0".0 
Residue a f t e r a b s o r p t i o n o f 
carbon monoxide 47.8 75V0 - 47.8 = 27.2 
Hydrogen and methane by 
e x p l o s i o n 
T o t a l r e s i d u e 47.8 
P o r t i n n t aken 18^4 
Volume o f a i r added 64*8 
T o t a l volume 8T.S 
C o n t r a c t i o n — — 13.5 
Residue a f t e r a b s o r p t i o n o f 
carbon d i o x i d e — — 71.0 73.7 -71,0 — Z\l 
Oxygen p r e s e n t Excess. 







per c en t . 
• 24.8 25. 9 
Heavy hydro carbons 0.2 0.2 
0 2 o;o 0.0 
00 27.2 27.7 
CH 4 10.3 I I . 3 
H 2 20.8 22.9 
u 2 16.6 12^2 
T o t a l 






T u n n e l i t e Ho. 6 L . F . 
E x p l o s i v e . T u n n e l i t e Ho . 6 L . F . 
Class", n i t r o g l y c e r i n . 
Manufactured by t b e G.R. HeAbee Powder and O i l Co. 
P i t t s b u r g h Penn. 
C o l o r , l i g h t y e l l o w . 
C o n s i s t e n c y , d r y , s l i g h t l y c o h e s i v e . 
Charge , 5 g rams . 
Res idue » d r y , b l a c k , f r i a b l e ; sme l l ing o f ammonia. 
T o t a l vo lume o f g a s , 3300 com". 
Cha rac t e r o f g a s , burned w i t h b lue f lame; d id not blacken 
l e a d a c e t a t e paper'. 
Bure t te 
read ing 
com. Per c en t . 
Amount o f g a s m i x t u r e 
t aken f o r a n a l y s i s — 100.0 
Res idue a f t e r a b s o r p t i o n o f 
carbon d i o x i d e 8(f.O IOtf.0 - 80.0 - 2 0 . 0 
Res idue a f t e r a b s o r p t i o n o f 
heavy h y d r o - o a r b o n s 79.6 80.0 - 79.6 — 0.4 
Res idue a f t e r a b s o r p t i o n e f 
oxygen 
Res idue a f t e r a b s o r p t i o n o f 
oarbon monoxide — — 
Hydrogen and methane by 
e x p l o s i o n 
T o t a l r e s i d u e 
P o r t i o n t a k e n 
Volume o f a i r added — — — 
T o t a l vo lume 
Volume a f t e r e x p l o s i o n — — 
C o n t r a c t i o n — — — 
Res idue a f t e r a b s o r p t i o n o f 
oarbon d i o x i d e — 
Oxygen p r e s e n t 
BUret te 











Per c en t . 
79.6 - 79.6 = 0.0 
79^6 - 5 3 . 4 = 26.2 
aO.fc - 77.9 = 2 . 4 
Excess . 
T u n n e l i t e Ho. 6 L.F. 
As 
Gases ana l y zed d o r r e c t e i 
p e r c e n t . p e r c e n t . 
c o 2 2 0 . 0 2 0 . 7 
H e a v y hyd roca rbons 0 . 4 0 . 4 
o 2 0 . 0 0 . 0 
CO 2 6 * . 2 2 6 . 7 
. T3 • 9 1 5 . 3 e w 
H 2 I 5 U 1 7 . 0 
H 2 4 " . 3 2 0 . 0 
T o t a l 1 0 0 . 1 , I 0 0 U 
C o m b u s t i b l e 5 5 . 8 5 9 . 4 
54. 
Aetna n A " Coal Powder. 
E x p l o s i v e , Ae tna " A " Coal Powder. 
C l a s s , n i t r o g l y c e r i n . 
Manufactured by the Aetna Powder Co. .Chicago,111. 
C o l o r , y e l l o w i s h . 
C o n s i s t e n c y , d r y , non -cohes i v e . 
Charge , 5grams. 
Res i due , b l a c k , c o k e - l i k e ; sme l l ing o f ammonia. 
T o t a l vo lume o f g a s , 3700 com. 
Charac te r o f g a s , burned w i th blue f lame, d id not blacken 
l e a d a c e t a t e paper . 




Per cent . 
Amount o f gas mix ture 
taken f o r a n a l y s i s — ioo;o 
Res idue a f t e r abso rp t i on ©f 
carbon d i o x i d e 72.8 I M . 0 - 7 2 . 8 = 27.2 
Res idue a f t e r abso rp t i on o f 
heavy hydrocarbons — — 72.8 72.8 - 72.8 = 0.0 
55. 
Bure t te 
reading 
com. 
Per cen t . 
Res idue a f t e r a b s o r p t i o n 
o f oxygen — • — 72.6 72.8 - 72.6 = 0.2 
Res idue a f t e r a b s o r p t i o n 
o f ca rbon monoxide — 4T.3 52.6 - 47.3 = 25.3 
Hydrogen and metliane by 
e x p l o s i o n . 
T o t a l r e s i d u e 47.3 
P o r t i o n t aken I I . 6 
Yolume o f a i r added — — 61.2 
T o t a l vo lume — — 72.8 
Volume a f t e r e x p l o s i o n - 61.0 
C o n t r a c t i o n I I . 8 
Res idue a f t e r a b s o r p t i o n 
o f oarbon d i o x i d e 59.2 61.0 -•59.2 = 1.8 
Oxygen p r e s e n t Excess • 
Ae tna " A " Goal Powder. 
Gases 
As 
ana l y zed 
p e r c e n t . 
C o r r e c t e d 
p e r c en t . 
COE 27 .2 28 .5 
Heavy hydroca rbons 0.0 0.0 
02 0.2 0.0 
CO 25.3 25.3 
C H 4 7.3 8.3 
H 2 — 22 .4 24 .5 
H 2 -------------- 17 .5 13 .4 
T o t a l 






Aetna " C " Coal Powder. 
E x p l o s i v e , Ae tna " C " Coal Powder, 
C l a s s , n i t r o g l y c e r i n . 
Manu fac tu r ed "by the Aetna Powder C o . , C h i c a g o , 1 1 1 , 
C o l o r , s i m i l a r t o Ae tna "A " but somewhat darker . 
C o n s i s t e n c y , d r y and n o n - c o h e s i v e . 
C l ia rge , 5 g r a m s . 
R e s i d u e , d r y , b l a c k , c o k e - l i k e ; s m e l l i n g s t r o n g l y o f ammonia. 
T o t a l vo lume o f g a s , 3 2 0 0 com. 
C h a r a c t e r o f g a s , burned w i t h b lue f l ame ;d id not blackdn 
l e a d a c e t a t e pape r . 
( The sample o f powder used was over one yea r o l d . ) 
Bure t t e 
r ead ing 
ccm. 
Per c en t . 
Amount o f g a s m i x t u r e 
t a k e n f o r a n a l y s i s — — — 1 0 0 . 0 
B e s i d u e a f t e r a b s o r p t i o n 
s\ 
v l 
o f ca rbon d i o x i d e 7 5 . 6 1 0 0 . 0 -- 7 5 . 6 = 2 4 . 4 
Ees i due a f t e r a b s o r p t i o n 
o f h e a v y hyd ro - ca rbons — 7 5 . 6 7 5 . 6 -- 7 5 . 6 = 0 . 0 
B e s i d u e a f t e r a b s o r p t i o n o f 
oxygen 7 5 . 0 7 5 . 6 -- 7 5 . 0 = 0 . 6 
58. 
Residue a f t e r a b s o r p t i o n 
of carbon monoxide 
Hydrogen and methane by 
e x p l o s i o n . 
T o t a l r e s i d u e - -
P o r t i o n t a k e n — — 
Volume added { a i r } — 
T o t a l vo lume 
Volume a f t e r e x p l o s i o n — 
C o n t r a c t i o n 
Residue a f t e r a b s o r p t i o n 
o f ca rbon d i o x i d e 
Oxygen p r e s e n t 
Buret te 










Per c en t . 
75.0 - 58.0 = 17.d 
68.0 — 6 4 . 4 = 3.6 
Excess . 
A§tm " C " C o a l Powder . 
Gases 
As 
a n a l y z e d 
p e r c e n t . 
C o r r e c t e d 
p e r c e n t . 
c o 2 - — - 2 4 . 4 2 5 . 6 
H e a v y h y d r o - c a r b o n s - 0 . 0 0.0 
o 2 . 0 . 6 0.1 
CO 1 7 . 0 1 6 . 4 
c h 4 — 1 8 . 8 2 0 . 9 
H 2 1 0 . 4 I I . 6 
ff2 2 8 . 8 2 5 . 3 
T o t a l 
C o m b u s t i b l e 
1 0 0 . 0 
4 6 . 2 
9 9 . 9 
4 8 . 9 
60. 
M i x t u r e o f Coa l Dust and Powder. 
Charge , A e t n a " A n Coa l Powder; 4 grams. 
L a n s i n g Coa l Dust ; I gram. 
R e s i d u e , d r y , b l a c k , s o o t - l i k e . 
T o t a l vo lume o f g a s , 3450 ccm. 
C h a r a c t e r o f g a s , burned w i t h b lue f l a m e ; d i d no t b lacken 
l e a d a c e t a t e pape r . 
( C o a l d u s t c o n t a i n e d about 38 p e r cen t v o l a t i l e combust-
i b l e m a t t e r . } 
Bur e t t e 
r ead ing 
ccm. 
Per c e n t . 
Amount o f g a s m i x t u r e 
t a k e n f o r a n a l y s i s 100.0 
Res i due a f t e r a b s o r p t i o n 
o f c a rbon d i o x i d e - 83.2 100.0 - 83 .2 = 16.8 
Res i due a f t e r a b s o r p t i o n 
o f h eavy hyd roca rbons 83.2 83.2 - 83.2 = 0.0 
Res i due a f t e r a b s o r p t i o n 
o f oxygen 82.8 83 .2 - 82.8 - 0 .4 
Res i due a f t e r a b s o r p t i o n 
o f oa rbon monoxide 55.1 82.8 — 55 .1 — 27.7 
6 1 . 
Bure t t e 
r ead ing 
ccm. • 
P e r c e n t . 
Hydrogen and methane by 
« 
e x p l o s i o n . 
T o t a l r e s i d u e 55.1 
P o r t i o n t a k e n 12.9 
Volume o f a i r added — — 77.1 
T o t a l vo lume — 90.0 
Volume a f t e r e x p l o s i o n — 76.7 
C o n t r a c t i o n I S . 3 
Res idue a f t e r a b s o r p t i o n 
o f ca rbon d i o x i d e 72.6 76.7 - 72.6 = 4.1 
Oxygen p r e s e n t E x c e s s . 
62. 
M i x t u r e o f Aetna " A " Coa l Powder and Coa l Bus t . 
Gases . 
Aetna^A^and Coa l Bust Ae tna " A " . 
as 
a n a l y z e d 
pe r c e n t . 
C o r r e c t e d 
p e r c e n t . 
Co r r e c t ed 
p e r c e n t . 
C 0 2 I 6 ' . 8 1 7 . 1 2 3 . 5 
Eeavy [hydrocarbons 0 . 0 0 . 0 0 . 0 
0 2 0 . 4 o ' . o 0 . 0 
C O 2 7 . 7 2 8 ^ 3 2 5 . 3 
C H 4 I I . 5 1 9 . 4 8 . 3 
H 2 1 7 . 5 1 2 ' . 8 2 4 . 5 
H 2 2 6 . 0 2 2 . 1 1 3 . 4 
T o t a l — 
Combust ib l e 
9 9 . 9 
5 6 . 7 
9 9 . 7 
6 0 . 5 
1 0 0 . 0 
5 8 . 1 
4tv -.. *•» «j 
63 
Charge, Ae tna "C " Coal Powder; 4 grams. 
Lansing,Kansas Goal Dust ; I gram. 
Re s i due , dark , "black, s oo t - l i k e . 
T o t a l volume o f g a s , 2900 ccm. 




Per cent . 
Amount o f gas mixture 
taken f o r a n a l y s i s 100.0 
Res idue a f t e r absorp t i on 
o f car "bob d i o x i d e 80.2 100.0 - 80.2 = 19.8 
Res idue a f t e r abso rp t i on 
o f heavy hydrocarbons 80.2 80.2 - 80.2 = 0.0 
Residue a f t e r absorp t i on 
o f oxygen — 80.0 80.2 - 80.0 = 0.2 
Residue a f t e r absorp t i on 
o f carbon monoxide 59.8 80.2 - 59.8 - 20.2 
Hydrogen and methane i . 
by e x p l o s i o n — — • 
T o t a l r e s i due 59.8 
P o r t i o n taken I I . 0 
Volume o f a i r added 75.1 
T o t a l volume 86.1 
Volume a f t e r exp l os i on 75.8 
64 
* 
Bure t t e 
r ead ing 
com. 
P e r c en t . 
C o n t r a c t i o n •- — 
Residue a f t o r a b s o r p t i o n 
o f carbon d i o x i d e — 
Oxygen p r e s e n t 
110.3 
72.6 75.8 - 72.6 ~ 3.2 
E x c e s s . 
M i x tu r e o f Ae tna "C w Coa l Powder and Coa l Dust. 
Ae tna "C" an A Coal Dm,* Aetna nC" A . 
AS 
Gases ana l ysed Cor r ec t ed Corrected 
pe r c en t percent^ per cent . 
0 0 £ 19 . 8 20.6 25.6 
Heavy hyrdrooarbons o V o 0.0 0.0 
0 2 * 0.2 0 .0 0.1 
CO 20.2 19 .7 16.4 
CE4 - ^ . j 17 .4 19.6 | ' 20;9 
H 2 ,* 14 ,1 i r . 9 x $ 4 
U 2 28.2 24 .1 25.3 
T o t a l 0 9 9 . 9 s r . * 99.9 
Combust ib le s r . 7 55 .2 48".9 
6 6 * 
Charge . T u n n e l i t e H o * 5 ; 4 grams 
L a n s i n g , Bans', Coa l Dus t ; X gram. 
R e s i d u e , d r y , b l a c k , s o o t - l i k e . 
T o t a l volume o f g a s , 2 9 2 5 cent*. 
Charac t e r o f g a s , burned w i t h b lue f l a m e . 
Amount gas mix ture 
t aken f o r a n a l y s i s — 
Res idue a f t e r a b s o r p t i o n o f 
Carbon d i o x i d e — — 
Res idue a f t e r a b s o r p t i o n o f 
heavy hydrocarbons 
Res idue a f t e r a b s o r p t i o n o f 
oxygen — — — 
Res idue a f t e r a b s o r p t i o n o f 
oarbon monoxide — 
Hydrogen and methane by 
e x p l o s i o n . 
T o t a l r e s i d u e — — — 
P o r t i o n taken 04 
Volume o f a i r added 
Volume a f t e r e x p l o s i o n 




1 0 0 . 0 
7F.4 







I 4 T . 4 
Percen t * 
100.0 - 7I r .4 = 2 8 U 
7I«U - 71.4 - O*.0 
7 r , 4 - 7 1 * ; 2 — tf.2 
7 1 . 2 - s r . o • = S O U 
66 ; 
B u r e t t e 
r ead ing 
com. 
Pe r c e n t . 
R e s i d u e a f t e r a b s o r p t i o n o f 
c a r b o n d i o x i d e 
O x y g e n p r e s e n t — 
73*. I 76.8 - 73*.I = 3!?I 
Exce s s . 
M i x t u r e o f T u n n e l i t e Ho . 5 and Coa l Dust . 
w — 
T u n n e l i t e Ho.5 and Coal dust Tunne l i t e 
Ho. 5"F 
C o r r e c t e i 
p e r o i h t . 
As 
a n a l y s e d 
p e r c e n t 
Co r r e c t ed 
p e r cent 
COg « «H* 30 .6 23 .7 
H e a v y hyd roca rbons 0 .0 cf.o 0 .0 
o 2 o U ofco 0 . 0 
CO 2044 20.1 20*. 3 
G B ^ > ~ ~ ~ 14; 9 16.7 19.7 
H 2 = = = — 26 r.4 29.7 I4T.7 
% 3.2 21 .2 
T o t a l 
. if 
C o m h u s t i b l e 





54 . 7 
67. 
Conc lus ions . 
The odor o f ammonia n o t i c e a b l e i d the res idue from 
t h e n i t r o g l y c e r i n e x p l o s i v e s i s , w i t h o u t a doubt,due t o 
t h e ammonia formed by the combinat ion o f n i t r o g en and hy-
d rogen under the g r e a t p ressure and the h igh temperature 
produced by t h e e x p l o s i o n . 
Thn r e s u l t s o f the ana l yses would seem t o i n d i c a t e 
t h a t most ( a l l o f those t e s t e d ) s a f e t y powders produce a 
g a s w i t h a a h i g h pe r cen tage o f combustible cons t i tuen ts 
when f i r e d a l one and t h a t t h i s percentage i s increased 
when t h e y a r e f i r e d i n the presence o f c oa l dust,Undoubt-
e d l y when t h e powder i s f i r e d i n the presence o f coa l 
dust p a r t o f the combust ib l e gases comes from the v o l a t i l e 
m a t t e r o f t h e c o a l . T h i s would p o i n t out the imprac t i cab l e -
n e s s o f powders which g i v e a l a r g e percent o f combustible 
g a s e s b e i n g used i n min ing c o a l whioh contains a l a r g e 
p e r c e n t o f v o l a t i l e combust ib le mat t e r . 
I t i s known tha t inflammable gas mixtures may be i g -
n i t e d by any incandescent substance whose temperature i s 
e qua l t o , o r exceeds the i g n i t i o n temperature ,prov id ing the 
s u r f a c e o f the substance be l a r g e enough and the contact 
w i t h the g a s mix ture l a s t l ong enough . F i r e damp w i l l i g -
n i t e a t a temperature between 600° and 700° C 
6 8 . 
I n the p r esence o f c o a l d u s t , a i r , a n d the powder gases the 
i g n i t i o n temperature i s undoubtedly l owered .so tha t i t 
would be p o s s i b l e t o e a s i l y i g n i t e the m i x t u r e , e s p e c i a l l y 
a f t e r s e v e r a l sho ts had been f i r e d , I f the shots were f i r e d 
e l e c t r i c a l l y a break i n the c i r c u i t and the r e s u l t i n g 
spark , a naked f lame or any incandescent substance might i g -
n i t e t h e m i x t u r e . 
S in c e p e r m i s s i b l e e x p l o s i v e s r e l y f o r t h e i r s a f e t y 
upon t h e i r s h o r t , r e l a t i v e e e o l f lame,anyth ing which would 
i n c r e a s e the d u r a t i o n o f the f lame would inc rease the dan-
g e r a t t e n d i n g t h e i r use r The quant i t y o f e x p l o s i v e used and 
t h e r a t e o f d e t o n a t i o n a r e known so in f luence the f l a m e . 
W i t h an e x p l o s i v e , w h o s e r a t e o f de tonat ion i s h ighthe gas 
m i x t u r e may no t have t ime t o recede and be s t ruck by t h e 
f l a m e , t h i s might be f o r on l y a shor t t imebut might be s u f -
f i c i e n t t o cause an e x p l o s i o n . A t any r a t e i t would appear 
t h a t g r e a t e r s a f e t y would be secured by us ing a powder 
which g i v e s a low pe rcen tage o f combustible c o n s t i t u e n t s 
and has a s low r a t e o f d e t o n a t i o n . 

